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[57] ABSTRACT 
In this planar linear pulse motor, ?rst and second assem 
blies are mutually movable along an axial line. The ?rst 
assembly includes a group of teeth which are arranged 
at a determinate pitch in a row along a line parallel to 
this axial line, each of these teeth being elongated in a 
direction perpendicular to the axial line. The second 
assembly includes four groups of teeth, each such group 
being arranged at the same determinate pitch also in a 
row along a line parallel to the axial line, with the pha 
ses of the four groups of teeth being offset from one 
another, and with each of these teeth also being elon 
gated in a direction perpendicular to the axial line. The 
four groups of teeth of this second assembly each con 
front the group of teeth of the ?rst assembly in parallel 
and are separated from those teeth by a relatively small 
gap. One of a pair of magnetic core members is contigu 
ous to one side surface of a permanent magnet which 
has opposite magnetic poles on its side surfaces on ei 
ther side of its central longitudinal line, and the other of 
this pair of magnetic core members is contiguous to the 
other magnetic pole side surface of this permanent mag 
net. Each of these magnetic core members has two pole 
surfaces contiguous to two of the four groups of teeth of 
this second assembly. For each of the magnetic core 
members, there is provided a coil for inducing magnetic 
flux in it. 

24 Claims, 13 Drawing Sheets 
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PLANAR LINEAR PULSE MOTOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a planar linear pulse 
motor, and more particularly relates to a planar linear 
pulse motor, of a type which is suitable for application 
for driving the movement of the magnetic head or heads 
in a ?oppy disk drive of a word porcessor or a personal 
computer or the like, which is improved in terms of 
thinness, overall size, assemblability, manufacturability, 
mountability, operational accuracy, and speed of opera 
tion. ~ 

In the prior art, especially with regard to application 
to a ?oppy disk drive of a word processor or a personal 
computer or the like, there have been proposed various 
types of linear pulse motor; a cylindrical type of linear 
pulse motor is typically used. In Japanese Utility Model 
Laying Open Publication Serial No. 58-97759 (1983), 
which it is not intended hereby to admit as prior art to 
the present patent application except to the extent in 
any case required by applicable law, and a typical ?gure 
of which publication is shown in FIG. 4 of the accom 
panying drawings in a sectional view longitudinal from 
the point of view of its direction of moving operation, 
there is disclosed a cylindrical linear pulse motor com 
prising a stationary hollow cylindrical housing member 
6 formed with a set of magnetic pole teeth denoted as 61 
on its inner cylindrical surface, and a movable member 
7 is slidably supported on a guide shaft 62, which ex 
tends substantially along the central axis of said cylin 
drical housing member 6, by a bearing construction 71 
incorporating a bearing bush 72. This movable member 
7 is formed with magnetic pole teeth 73 on its outer 
cylindrical surface, which cooperate with the magnetic 
pole teeth 61 of the cylindrical housing member 6 to 
linearly drive the movable member 7, according to 
suitable and selective magnetization of the movable 
member 7 in a per se known manner. 
However, such a conventional type of cylindrical 

linear pulse motor is fraught with the disadvantage of a 
large external diameter, because of the necessarily coax 
ial disposition of the guide shaft 62, the bearing con 
struction 71 and its bush 72, and the magnetic pole teeth 
73 and 61 and the cylindrical housing member 6; and, 
further, it is difficult to raise the production efficiency 
of such a conventional type of cylindrical linear pulse 
motor to a realistically high level, because the magnetic 
pole teeth 61 of the cylindrical housing member 6 and 
the magnetic pole teeth 73 of the movable member 7 
must be formed by machining using a machine tool. 
Further, the accuracy for assembly required is also very 
high, which imposes a time and cost penalty. Accord 
ingly the cost of the ?nished cylindrical linear pulse 
motor is inevitably higher than desirable. 

Further, in Japanese Patent Laying Open Publication 
Serial No. 59-89565 (1983), which again it is not in 
tended hereby to admit as prior art to the present patent 
application except to the extent in any case required by 
applicable law, and typical ?gures of which publication 
are shown in FIGS. 8 and 9 of the accompanying draw 
ings, respectively in an exploded perspective view and 
in a sectional view longitudinal from the point of view 
of its direction of moving operation, there is disclosed a 
planar type linear pulse motor comprising a stationary 
assembly 1 and a planar movable member 5. The sta 
tionary assembly 1 and the movable member 5 thereof 
are mounted so as to be mutually slidable as shown by 
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2 
the arrow “A” in FIG. 8 by a means not particularly 
shown in the ?gures. The lower surface (not visible in 
the ?gure) of the planar movable member 5 is formed 
with a series 51 of magnetic pole teeth which are set in 
series at a pitch of P; and, as before, each of the mag 
netic pole teeth of this series 51 thereof is continuous 
from the left side to the right side thereof. 
And the stationary assembly 1 comprises a plate 

shaped permanent magnet 2, having magnetic poles on 
its opposite side surfaces which are different in polarity 
but are the same along each said side surface, and ex 
tending substantially perpendicular to the direction of 
sliding motion of the planar movable member 5. A pair 
of magnetic core members 310 and 31b are provided, 
each being generally shaped like a letter “C”, with 
central portions thereof denoted respectively as 310 and 
31d being narrowed down somewhat and having coils 
32a and 32b wound on them. Under the end portions 
39a, 39b, 39c, and 39d of these magnetic core members 
and in the transverse direction there is ?xed the perma 
nent magnet 2, for example by bonding. And a back 
yoke 115 is ?xed under the permanent magnet 2 for 
supporting it. The end portions 39a through 39d of the 
magnetic core members 310 and 31b are respectively 
formed directly as magnetic pole teeth portions 42a, 
42b, 42c, and 42d with the upper surfaces thereof each 
being formed with a series of magnetic pole teeth 42a 
through 42d respectively, each said series being set at 
the same pitch P, and with the phases of the four series 
of magnetic pole teeth 42 arranged along the four mag 
netic pole teeth portions 42a, 42c, 42b, and 42d ,being 
staggered apart by a phase difference of P/4 in that 
order. By appropriately changing the direction of the 
electric current supplied to the coils 32a and 32b, the 
four magnetic pole teeth portions 42a, 42c, 42b, and 42d 
are sequentially magnetized in the one or the other 
polarity as required, and in cooperation with the mag 
netic biasing effect provided by the permanent magnet 
2 they function to pull the planar movable member 5 
along by. its teeth 51 relative to the stationary assembly 
1 by increments of one quarter of the pitch P of said 
teeth 51. 
However, such a type of planar linear pulse motor is 

fraught with the disadvantage of an inevitably excessive 
thickness, because the permanent magnet 2 and the back 
yoke 115 are layered together over the rear surfaces 
(the lower surface as seen in FIG. 8) of the magnetic 
core members 31a and 31b. Particular problems would 
arise when applying such a type of planar linear pulse 
motor for driving the movement of the magnetic head 
or heads in a ?oppy disk drive of a word processor or a 
personal computer or the like. For example, as schemat 
ically shown in FIG. 9 of the accompanying drawings 
in longitudinal sectional view, when a mounting struc 
ture for such a magnetic head 117 of a ?oppy disk drive 
is utilized, since said magnetic head 117 must be sup 
ported from the planar movable member 5 of the planar 
linear pulse motor by way of a mount 118, and since the 
back yoke 115 and the permanent magnet 2 are layered 
together against the magnetic core members 31a and 
31b, the overall thickness (height H as seen in the ?gure) 
of the device from the base 119 on which it is mounted 
to the ?oppy disk 120 inserted into the ?oppy disk drive 
is inevitably great. In fact, this is one of the major diffi 
culties relating to reducing the thickness of a planar 
linear pulse motor. Accordingly, low pro?le design of 
such a ?oppy disk drive is well nigh impossible when 
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such a planar linear pulse motor is to be incorporated 
therein, since the pulse motor itself it relatively thick. 
Another problem that arises in connection with the 

manufacture of such a planar linear pulse motor relates 
to the assembly thereof. As is for example disclosed in 
Japanese Patent Laying Open Publication Serial No. 
60-1 13652 (1984), which again it is not intended hereby 
to admit as prior art to the present patent application 
except to the extent in any case required by applicable 
law, a conceivable construction for such a planar linear 
pulse motor could be for a stationary member or base 
plate to be provided, and for a permanent magnet and 
four groups of magnetic pole teeth to be supported on 
said base plate. And a guide mechanism for the planar 
movable member of the planar linear pulse motor could 
be provided, with a prestressing mechanism biasing said 
guide mechanism against said planar movable member 
and thus holding said planar movable member in a slid 
able manner. However, the problem would arise with 
such a construction that, since the permanent magnet 
and four groups of magnetic pole teeth would be re 
quired to be located on said base plate during manufac 
ture, the positioning of said permanent magnet and said 
magnetic pole teeth during manufacture of the planar 
linear pulse motor could be rather difficult. 

Conventional linear pulse motors have not typically 
had any positioning mechanism for mounting them into 
other equipment. When a linear pulse motor is to be 
installed into a system such for instance as a ?oppy head 
drive for a ?oppy disk drive for a word processor or a 
personal computer or the like, the advance shaft for the 
linear pulse motor and the central rotary shaft of the 
?oppy disk drive must cross each other at right angles, 
and should any shifting or misalignment develop there 
between reading of information from the ?oppy disk 
loaded in the drive would inevitably become impossi 
ble. Therefore normally when a linear pulse motor is to 
be installed into an apparatus such as a ?oppy disk 
drive, a high precision mounting jig is prepared, and the 
positioning of the linear pulse motor with respect to said 
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apparatus is conducted with the aid of this jig prior to ' 
the actual mounting of the linear pulse motor. The use 
of such a jig means a requirement for extra time for the 
assembly of the device, and the need for a jig and the 
work required for preparing it inevitably raise the over 
all manufacturing cost. 
Another problem that arises in connection with the 

manufacture of such a planar linear pulse motor relates 
to the detection of the position of the planar movable 
member thereof. 
According to a conventional magnetic head drive 

device for a floppy disk drive such as the one shown in 
FIG. 17 of the accompanying drawings in perspective 
view, a feed screw thread 41 is formed on a rotary shaft 
of a rotary pulse motor 4 while a screw thread hole 52 
is formed in a support plate 5 which supports a magnetic 
head 6 and is supported by a straight guide, and the feed 
screw thread 41 is engaged to the screw thread hole 52 
so as to convert the rotary motion of the pulse motor 4 
into the linear motion of the magnetic head assembly 6. 
However, according to this conventional device, the 
origin or the start of the travel of the pulse motor 4 is 
de?ned at the outer most track of the ?oppy disk 7 ?tted 
in the device by attaching a light shielding plate 53 to a 
part of the magnetic head support plate 5 and by placing 
a photo sensor unit 8 on the traveling path of this light 
shielding plate 53 so as to permit the adjustment of the 
light shielding position for the purpose of defining the 
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relative position of the magnetic head 6 and the ?oppy 
disk 7. However, according to this method of de?ning 
the origin or start of travel of the pulse motor 4, it is 
necessary to adjust the position of the photosensor unit 
8 while looking at the signal output by the magnetic 
head assembly 6 from the ?oppy disk 7, after all the 
parts such as the pulse motor 4, the magnetic head sup 
port plate 5 and so on have been installed into the de 
vice, and this adjustment requires considerable effort. 
Furthermore, the photosensor unit 8 is typically one 
which is an off the shelf product which is large in exter 
nal dimensions and is expensive, and this fact contrib 
utes to the large size and the high price of such a device. 
It has been proposed to apply a direct action type planar 
linear motor to such a magnetic head drive device, as 
for example in the previously discussed Japanese Patent 
Laying Open Publication No. 59-89565, but its travel 
origin detection mechanism is similar to the above de 
scribed one, and the de?nition of the origin or start of 
travel thereof gives rise to similar problems. 

SUMMARY OF THE INVENTION 

Accordingly, it is the primary object of the present 
invention to provide a planar linear pulse motor, which 
avoids the problems detailed above. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which is reduced 
in thickness as compared with prior art cylindrical type 
linear pulse motors. 

It is a further object of the present invention to pro» 
vide such a planar linear pulse motor, which is reduced 
in thickness even as compared with prior art planar type 
linear pulse motors. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which is particu 
larly suitable for application for driving the movement 
of the magnetic head or heads in a ?oppy disk drive of 
a word processor or a personal computer or the like. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which, when thus 
applied for driving the movement of the magnetic head 
or heads in a ?oppy disk drive of a word processor or a 
personal computer or the like, can be reliably and easily 
aligned for ensuring that the head or heads of said 
?oppy disk drive are accurately moved along a line 
which intersects the rotational axis of a floppy disk 
mounted in said floppy disk drive. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which provides 
stabilized and smooth action. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which is compact 
in overall construction and has reduced overall size. 

It is a further object of the present invention to pro 
vide such a planar linear pulse motor, which is light in 
weight. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which reduces 
the amount of relatively fine machining work which is 
required to be performed during the manufacture of its 
component parts. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which does 
not require any very fine alignment or adjustment work 
to be performed during its assembly. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which does 
not require any very fine positioning work for a perma 
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nent magnet and magnetic pole teeth incorporated in it 
to be performed during its assembly and manufacture. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which does 
not require any particular high precision type of jig to 
be used, during the assembly of said planar linear pulse 
motor to a device in which it is to be incorporated. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which permits 
easy adjustment and detection of the origin or start of 
the travel thereof by providing a position detecting 
mechanism between a movable member thereof and a 
stationary member thereof. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which reduces 
the overall cost of a device in which it is to be incorpo 
rated. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which reduces 
magnetic leakage and increases magnetic ef?ciency. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which maxi 
mizes production ef?ciency and ease of assembly. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which mini 
mizes cost of assembly. 

It is a yet further object of the present invention to 
provide such a planar linear pulse motor, which is low 
in overall cost. 
According to the most general aspect of the present 

invention, these and other objects are attained by a 
planar linear pulse motor, comprising ?rst and second 
assemblies which are mutually movable along an axial 
line; said ?rst assembly comprising a group of magnetic 
pole teeth, said magnetic pole teeth being arranged at a 
determinate pitch in a row along a line substantially 
parallel to said axial line, and each said magnetic pole 
tooth being elongated in a direction substantially per 
pendicular to said axial line; and said second assembly 
comprising: four groups of magnetic pole teeth, each 
said group being arranged substantially at said determi 
nate pitch in a row along a line substantially parallel to 

. said axial line, with the phases of said four groups of 
magnetic pole teeth being substantially offset from one 
another, and each said magnetic pole tooth being elon 
gated in a direction substantially perpendicular to said 
axial line; said four groups of magnetic pole teeth of this 
second assembly each substantially confronting said 
group of magnetic pole teeth of said ?rst assembly in a 
substantially parallel relationship with a relatively small 
gap being present therebetween; a permanent magnet 
having opposite magnetic poles on its side surfaces on 
either side of a central longitudinal line thereof; a pair of 
magnetic core members, one of which is contiguous to 
one said magnetic pole side surface of said permanent 
magnet and the other of which is contiguous to the 
other said magnetic pole side surface of said permanent 
magnet, and each with two pole surfaces contiguous to 
two of said groups of magnetic pole teeth of this second 
assembly; and: for each of said magnetic core members, 
a means for inducing magnetic ?ux therein. 
According to such a planar linear pulse motor as 

speci?ed above, since the ?rst assembly (which typi 
cally is the one of said ?rst and second assemblies which 
is movable) and the second assembly (which typically is 
the one of said ?rst and second assemblies which is 
?xed) are both planar in nature, as is a consequence of 
the second assembly being constituted by the pair of 
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6 
magnetic core members being ?tted on opposite sides of 
the permanent magnet, thereby the thickness and the 
overall size of this planar linear pulse motor can be both 
reduced, and accordingly great advantages are obtained 
with regard to the ?tting thereof to a device such as a 
?oppy disk drive for a word processor or a personal 
computer or the like. Further, since the four groups of 
magnetic pole teeth of the second asembly can be 
formed by etching or by press forming or by some 
similar means, production precision can be kept high 
without any loss of production ef?ciency and without 
any unduly high cost being entailed. 
According to a particular specialization of the pres 

ent invention, the above and other objects may more 
particularly be accomplished by such a planar linear 
pulse motor as ?rst speci?ed above, wherein said four 
groups of magnetic pole teeth of said second assembly 
are formed as portions of one integral magnetic pole 
teeth member; and optionally said magnetic pole teeth 
member may comprise strip portions which integrally 
join together said four groups of magnetic pole teeth. 
Optionally, in more detail, said magnetic pole teeth 
member may be formed generally in a hollow rectangu 
lar shape, with said four groups of magnetic pole teeth 
being located at its four corners and said strip portions 
being integrally joined to said four groups of magnetic 
pole teeth and extending along its edges. In these cases, 
there will be further advantages with regard to ease of 
providing relative position of the pitch of the magnetic 
pole teeth of said four groups thereof. Further practical 
advantages accrue with regard to the stabilization of the 
operation of the planar linear pulse motor. 
According to another particular specialization of the 

present invention, the above and other objects may 
more particularly be accomplished by such a planar 
linear pulse motor as ?rst speci?ed above, wherein said 
permanent magnet extends substantially parallel to said 
axial line. On the other hand, according to an alterna 
tive particular specialization of the present invention, 
the above and other objects may more particularly be 
accomplished by such a planar linear pulse motor as 
?rst speci?ed above, wherein said permanent magnet 
extends substantially perpendicular to said axial line. 
Both of these possibilities have their own particular 
advantages, and which is more appropriate will depend 
upon the particular circumstances. 
According to another particular specialization of the 

present invention, the above and other objects may 
more particularly be accomplished by such a planar 
linear pulse motor as ?rst speci?ed above, wherein said 
pair of magnetic core members and said four groups of 
magnetic pole teeth of said second assembly are all 
formed as portions of one unitary member. According 
to such a construction, manufacturing ef?ciency is im 
proved and manufacturing cost is reduced through 
simpli?cation and uni?cation of component parts of the 
second assembly, and the leakage of magnetic flux is 
avoided and the magnetic ef?ciency is improved 
through elimination of the otherwise inevitable bonded 
interfaces. Furthermore, since the magnetic core mem 
bers and the magnetic pole teeth portions of the second 
assembly are in this case made as one integral and uni 
tary body, the size, in particular the thickness of the 
linear pulse motor can be reduced and various practical 
advantages can be obtained from this aspect of the con 
struction, as well as from the aspect that the structure is 
simpli?ed. Typically but not compulsorily, said perma 
nent magnet of said second assembly may be tightly 
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?tted into a slot formed in said unitary member. Alter 
natively, said permanent magnet of said second assem 
bly may be molded into a slot formed in said unitary 
member. 
According to another particular specialization of the 

present invention, the above and other objects may 
more particularly be accomplished by such a planar 
linear pulse motor as speci?ed above, wherein said 
second assembly comprises a base member and a sup 
port wall rising up therefrom, said four groups of mag-: 
netic pole teeth being supported on either side of said 
permanent magnet on said base against said support 
wall. And, conveniently but not compulsorily, said 
support wall can be integrally formed with said base as 
a bent up tab portion thereof, and further can be formed 
with an extension adapted for mounting said planar 
linear pulse motor to another object. And a means, such 
as a spring optionally supported by a spring mounting 
portion formed on said base, can be provided for biasing 
said four groups of magnetic pole teeth and said perma 
nent magnet against said support wall. 
According to such a construction, the mutual posi 

tioning of the permanent magnet and the four groups of 
magnetic pole teeth can be conveniently and accurately 
performed, simply by mounting them with said four 
groups of magnetic pole teeth on either side of said 
permanent magnet resting on said base against said sup» 
port wall, and by then either bonding these elements or 
biasing them by the aforementioned spring means (or 
both) against the support wall. Thereby, a substantial 
saving both in the number of parts and in the work 
required for assembly of the planar linear pulse motor 
can be obtained, thus naturally reducing overall manu 
facturing costs and increasing manufacturing ef?ciency. 
According to another particular specialization of the 

present invention, the above and other objects may 
more particularly be accomplished by such a planar 
linear pulse motor as speci?ed above, further compris 
ing a means for mutually supporting said ?rst and said 
second assembly with respect to one another so that 
they are mutually movable along said axial line, wherein 
said supporting means further comprises a means for 
positioning said planar linear pulse motor with respect 
to an element to which it is to be ?tted; and, optionally 
but desirably, this supporting means may comprise a rail 
along which said ?rst assembly slides, said positioning 
means comprising an extension of said rail at one or 
optionally at both of its ends. According to such a con 
struction, the supporting means can ful?ll, not only its 
primary function of providing sliding mounting of the 
?rst and second assembly with respect to one another, 
but also a function of thus aiding with the easy relative 
positioning of the planar linear pulse motor with respect 
to said element to which it is to be ?tted. This economy 
of means is very convenient and economical of parts, 
and effectively eliminates the need for any special jig to 
be utilized during assembly of the planar linear pulse 
motor to said element to which it is to be ?tted, which 
lowers overall manufacturing cost. 

Or, according to an alternative more particular spe 
cialization of the present invention, the above and other 
objects may alternatively particularly be accomplished 
by such a planar linear pulse motor as ?rst speci?ed 
above, further comprising a means for detecting the 
position of said ?rst assembly with respect to said sec 
ond assembly. Optionally but desirably, said position 
detecting means may comprise: a electromagnetic radia 
tion shielding element ?tted to said ?rst assembly; and a 
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electromagnetic radiation emitting element and a elec 
tromagnetic radiation receiving element ?tted to said 
second assembly; said electromagnetic radiation shield 
ing element, when said ?rst assembly is in a determinate 
position with respect to said second assembly, interrupt 
ing eletromagnetic radiation passing from said electro 
magnetic radiation emitting element to said electromag 
netic radiation receiving element; but said electromag 
netic radiation shielding element, when on the other 
hand said ?rst assembly is not in said determinate posi 
tion with respect to said second assembly, not thus 
interrupting electromagnetic radiation passing from 
said electromagnetic radiation emitting element to said 
electromagnetic radiation receiving element. Accord 
ing to such a construction, since the origin of the travel 
of the first assembly with respect to the second assem 
bly is detected by the electromagnetic radiation emit 
ting element and by the electromagnetic radiation re 
ceiving element provided to the second assembly in 
cooperation with the electromagnetic radiation shield 
ing plate provided to the ?rst assembly, and all these 
elements are incorporated into the planar linear pulse 
motor rather than being provided as a separate off the 
shelf position detecting assembly as was the case in the 
prior art shown in FIG. 17, practical advantages such as 
compact design and cost reduction of a magnetic head 
drive device incorporating this planar linear pulse 
motor can be accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described with 
respect to the preferred embodiments thereof, and with 
reference to the illustrative drawings appended hereto, 
which however are provided for the purposes of expla 
nation and exempli?cation only, and are not intended to 
be limitative of the scope of the present invention in any 
way. With relation to the ?gures, spatial terms are to be 
understood as referring only to the orientation on the 
drawing paper of the illustrations of the relevant parts, 
unless otherwise speci?ed; like reference numerals, 
unless otherwise so speci?ed, denote the same parts and 
gaps and spaces and so on in the various ?gures relating 
to one preferred embodiment, and like parts and gaps 
and spaces and so on in the ?gures relating to different 
preferred embodiments; and: 
FIG. 1 is an exploded perspective view showing 

important parts of the ?rst preferred embodiment of the 
planar linear pulse motor of the present invention; 
FIG. 2 is a perspective view showing in isolation a 

stationary assembly included in said ?rst preferred em- ' 
bodirnent of the planar linear pulse motor of the present 
invention; 
FIG. 3a is a partial perspective view showing a ?rst 

operational phase of said ?rst preferred embodiment of 
the planar linear pulse motor of the present invention, 
with a gap between a slidably mounted movable mem 
ber thereof and said stationary assembly thereof being 
grossly exaggerated for the purposes of explanation; 
FIG. 3b is a partial perspective view, similar to FIG. 

3a and similarly grossly exaggerated, showing a second 
operational phase of said ?rst preferred embodiment of 
the planar linear pulse motor of the present invention; 
FIG. 3c is a partial perspective view, similar to FIGS. 

30 and 3b and similarly grossly exaggerated, showing a 
third operational phase of said ?rst preferred embodi 
ment of the planar linear pulse motor of the present 
invention; 
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FIG. 3d is a partial perspective view, similar to 

FIGS. 3a through 3c and similarly grossly exaggerated, 
showing a fourth operational phase of said ?rst pre 
ferred embodiment of the planar linear pulse motor of 
the present invention; 
FIG. 4, which relates to the prior art, is an axial longi 

tudinal sectional view showing a prior art cylindrical 
type linear pulse motor; 

5a is a partial perspective view, similar to FIG. 3a for 
the ?rst preferred embodiment, showing a ?rst opera 
tional phase of a second preferred embodiment of the 
planar linear pulse motor of the present invention, again 
with a gap between a slidably mounted movable mem 
ber thereof and a stationary assembly thereof being 
grossly exaggerated for the purposes of explanation; 
FIG. 5b is a partial perspective view, similar to FIG. 

3b for the ?rst preferred embodiment and similarly 
grossly exaggerated, showing a second operational 
phase of said second preferred embodiment of the pla 
nar linear pulse motor of the present invention; 
FIG. 50 is a partial perspective view, similar to FIG. 

~3c for the ?rst preferred embodiment and similarly 
grossly exaggerated, showing a third operational phase 
of said second preferred embodiment of the planar lin 
ear pulse motor of the present invention; 
FIG. 5d is a partial perspective view, similar to FIG. 

3d for the ?rst preferred embodiment and similarly 
grossly exaggerated, showing a fourth operational 
phase of said second preferred embodiment of the pla 
nar linear pulse motor of the present invention; 
FIG. 6, similarly to FIG. 4 for the prior art, is an axial 

longitudinal sectional view showing an exemplary ap 
plication of this planar type linear pulse motor to a 
?oppy disk drive of a word processor or a personal 
computer or the like; ’ 
FIG. 7, similarly to FIG. 5a for the second preferred 

embodiment, is a partial perspective view showing a 
third preferred embodiment of the planar linear pulse 
motor of the present invention, again with a gap be 

a tween a slidably mounted movable member thereof and 
a stationary assembly thereof being grossly exaggerated 
for the purposes of explanation; 
FIG. 8, similarly to FIG. 5a for the second preferred 

embodiment and FIG. 6 for the third preferred embodi 
ment, is a partial perspective view showing a prior art 
type planar linear pulse motor, again with a gap be 
tween a slidably mounted movable member thereof and 
a stationary assembly thereof being grossly exaggerated 
for the purposes of explanation; 
FIG. 9, similarly to FIG. 6 for the second preferred 

embodiment of the planar linear pulse motor of the 
present invention, is an axial longitudinal sectional view 
showing an exemplary application of the prior art pla 
nar type linear pulse motor of FIG. 8 to a ?oppy disk 
drive of a word processor or a personal computer or the 
like; 
FIG. 10, similarly to FIG. 7 for the third preferred 

embodiment, is a partial perspective view showing a 
fourth preferred embodiment of the planar linear pulse 
motor of the present invention, again with a gap be 
tween a slidably mounted movable member thereof and 
a stationary assembly thereof being grossly exaggerated 
for the purposes of explanation; 
FIG. 11, similarly to FIG. 3a for the ?rst preferred 

' embodiment, is a partial perspective view showing a 
?fth preferred embodiment of the planar linear pulse 
motor of the present invention, again with a gap be 
tween a slidably mounted movable member thereof and 
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a stationary assembly thereof being grossly exaggerated 
for the purposes of explanation; 
FIG. 12, similarly to FIG. 11 for the ?fth preferred 

embodiment, is a partial perspective view showing a 
sixth preferred embodiment of the planar linear pulse 
motor of the present invention, said sixth preferred 
embodiment including a sliding mounting construction 
for the slidably mounted movable member, which is 
shown as lifted away from said sliding mounting con 
struction and from the stationary assembly for the con 
venience of illustration; 
FIG. 13 is an exploded view of said sixth preferred 

embodiment for the purposes of explaining the con 
struction and the assembly thereof; 
FIG. 14 is a schematic plan view showing an exem 

plary application of the sixth preferred embodiment 
planar type linear pulse motor of FIGS. 12 and 13 to a 
floppy disk drive of a word processor or a personal 
computer or the like; 
FIG. 15 is a circuit diagram schematically illustrating 

a Schmitt circuit which is used for detecting the posi 
tion of the planar movable member of the sixth pre 
ferred embodiment; 
FIG. 16 is a graph, in which the number of steps 

executed by this sixth preferred embodiment planar 
linear motor of FIGS. 12 through 14 is shown along the 
horizontal axis and the output of a light receiving unit 
incorporated therein is shown along the vertical axis, 
for illustrating how the axial position of said planar 
movable member thereof may be detected; and: 
FIG. 17 is a perspective view of a prior art type of 

means for detecting the axial position of a movable 
member of a linear motor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described with 
reference to the preferred embodiments thereof, and 
with reference to the ?gures. 

THE FIRST PREFERRED EMBODIMENT 

FIGS. 1, 2, and 3a through 3d relate to the ?rst pre 
ferred embodiment of the planar linear pulse motor of 
the present invention. 

Construction 
In said ?rst preferred embodiment of the planar linear 

pulse motor of the present invention, as shown in partial 
exploded perspective view in FIG. 1, the reference 
numeral 1 denotes a stationary assembly thereof, while 
the reference numeral 5 refers to a movable member 
thereof, slidably mounted with respect to the stationary 
assembly 1 as shown by the arrow “A” in the ?gures. It 
should be understood that, although the assembly 1 will 
hereinafter be referred to as “stationary” and the mem 
ber 5 will hereinafter be referred to as “movable”, these 
terms are only used as reference to the intended applica 
tion of this planar linear pulse motor, and are not to be 
considered as limitative of the present invention, since 
all that is required is that the assembly 1 and the member 
5 should be mutually slidably movable; neither of them 
is actually required to be stationary in the absolute 
sense. 

The stationary assembly 1, which is shown by itself in 
FIG. 2, comprises a permanent magnet 2' which is 
shaped as a prism (a rectangular prism in this preferred 
embodiment), and at each of its ends, only one of which 
is shown in the ?gures, this permament magnet 2 has 
magnetic poles on its opposite side surfaces which are 
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different in polarity but are the same along each said 
side surface: in the exemplary con?guration of FIG. 1, 
the left side surface of the permanent magnet 2 at its end 
nearest to the viewer is a north or N pole, while the 
right side surface of said permanent magnet 2 at its end 
nearest to the viewer is a south or S pole. And, particu 
larly in this ?rst preferred embodiment of the planar 
linear pulse motor of the present invention, the perma 
nent magnet 2 extends in the direction of sliding motion 
of the planar movable member 5, as will be explained 
later. A pair of magnetic core members 31a and 31b are 
provided, each being generally shaped like a letter “C”, 
with central portions thereof denoted respectively as 
31c and 31d being narrowed down somewhat. The one 
end portion designated as 390 in the ?gures of the one 
31a of these magnetic core members is applied against, 
i.e. is ?xed in direct contact with, the left side surface in 
the ?gures of the permanent magnet 2 at its end farthest 
from the viewer which is exemplarily shown as being a 
north or N pole-for example by being bonded thereto; 
the other end portion designated as 3% in the ?gures of 
said one magnetic core member 31a is applied against, 
i.e. is likewise ?xed in direct contact with, the left side 
surface in the ?gures of said permanent magnet 2 at its 
end closest to the viewer which is also exemplarily 
shown as being a north or N pole—again, for example 
by being bonded thereto; the one end portion desig 
nated as 39c in the ?gures of the other one 31b of said 
magnetic core members is applied against, i.e. is like 
wise ?xed in direct contact with, the right side surface 
in the ?gures of said permanent magnet 2 at its end 
closest to the viewer which is exemplarily shown as 
being a south or S pole-again, for example by being 
bonded thereto; and the other end portion designated as 
39d in the ?gures of said other magnetic core member 
31b is applied against, i.e. is likewise ?xed in direct 
contact with, the right side surface in the ?gures of said 
permanent magnet 2 at its end farthest from the viewer 
which is also exemplarily shown as being a south or S 
pole-again, for example by being bonded thereto. And 
a coil 32a is wound around the narrowed down portion 
31c of the magnetic core member 31a, while similarly a 
coil 32b is wound around the narrowed down portion 
31d of the magnetic core member 31b. 
A magnetic pole plate member 4 is ?xed, as for exam~= 

ple by being bonded, across the upper surfaces in the 
?gure of the end portions 390 through 39d of the mag 
netic core members 31a and 31b, around the two ends of 
the upper surface in the ?gure of the permanent magnet 
2, so as to be securely held relatively closely to said 
upper surfaces of said end portions 39a through 39d, so 
as to allow relatively easy passage of magnetic flux 
between itself and them. In detail, the magnetic pole 
plate member 4 is formed as a hollow rectangular mem 
her, with a rectangular cut out hole 41 in its central 
portion which corresponds to the upper surface of the 
permanent magnet 2, with relatively wide magnetic 
pole teeth portions 42a, 42b, 42c, and 42d at the corner 
end portions of the long sides of said rectangular cut out 
hole 41 in positions which correspond respectively to 
the upper surfaces of the end portions 39a, 39b, 39c and 
39d of the magnetic core members 31a and 3112, with 
relatively thin connecting portions 43 extending along 
the short sides of said rectangular cut out hole 41 which 
thus join together the magnetic pole teeth portions 42a 
and 42d and join together the magnetic pole teeth por 
tions 42b and 42c, and with relatively thin connecting 
portions 44 extending along said long sides of said rect 
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angular cut out hole 41 which thus join together the 
magnetic pole teeth portions 42a and 42b and join to 
gether the magnetic pole teeth portions 42c and 42d. 
Each of the upper surfaces of each of these magnetic 
pole teeth portions 420 through 42d is formed with a 
series of magnetic pole teeth 42, the ones of these mag 
netic pole teeth 42 arranged along each particular one 
of said magnetic pole teeth portions 420 through 42d 
being set in series at the same pitch, designated in FIG. 
2 as P, with the phase of the series of these magnetic 
pole teeth 42 arranged along the magnetic pole teeth 
portion 42a being set at a phase difference of P/2 from 
the phase of the series of the magnetic pole teeth 42 
arranged along the magnetic pole teeth portion 42b, 
with the phase of the series of the magnetic pole teeth 
42 arranged along the magnetic pole teeth portion 420 
being likewise set at a phase difference of P/2 from the 
phase of the series of the magnetic pole teeth 42 ar 
ranged along the magnetic pole teeth portion 42d, with 
the phase of the series of the magnetic pole teeth 42 
arranged along the magnetic pole teeth portion 42a 
being set at a phase difference of PM from the phase of 
the series of the magnetic pole teeth 42 arranged along 
the magnetic pole teeth portion 42d, and with therefore 
the phase of the series of the magnetic pole teeth 42 
arranged along the magnetic pole teeth portion 4212 
being consequently and likewise set at a like phase dif 
ference of P/4 from the phase of the series of the mag 
netic pole teeth 42 arranged along the magnetic pole 
teeth portion 42c. In more detail, to consider the phases 
of the four series of magnetic pole teeth 42 arranged 
along the four magnetic pole teeth portions 420, 42c, 
42b, and 42d in this speci?ed order, each differs from 
the previous one by a phase difference of P/4, in the 
same advancing sense. 
The lower surface (not visible in the ?gures) of the 

slidably mounted planar movable member 5 is formed 
with a series 51 of magnetic pole teeth which are set in 
series at the same pitch P as the magnetic pole teeth on 
each of the magnetic pole teeth portions 42a through 
42d. And this planar movable member 5 is slidably 
mounted, by a linear bearing type construction not 
shown in ?gures, so as to be movable with respect to the 
stationary assembly 1 to and fro in the direction shown 
by an arrow “A” in the ?gures, and so that the teeth 
series 51 on its lower surface opposes the magnetic pole 
teeth on the magnetic pole teeth portions 420 through 
42d with a relatively small gap, typically about 50 mi 
crons, being left therebetween. Each of the magnetic 
pole teeth of the series 51 thereof on the planar movable 
member 5 is continuous from the left side thereof which 
can correspond to one of the teeth of the magnetic pole 
teeth portion 42a or 42d to the right side thereof which 
can correspond to one of the teeth of the magnetic pole 
teeth portion 42b or 42c. 

Operation 
This ?rst preferred embodiment of the planar linear 

pulse motor of the present invention operates as will 
now be described with reference to FIGS. 3a through 
3d. In these ?gures, the reference numeral 25 denotes 
the magnetic ?ux generated by the permanent magnet 2, 
while the reference numeral 33 denotes magnetic flux 
generated by one or the other of the magnetic coils 320 
or 32b. - 

First, as shown in all the ?gures 3a through 3d and by 
the solid lines shown as 25 which represent the mag 
netic ?ux generated by the permanent magnet 2 (flux 
lines are herein shown as proceeding from north or N 




























